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Objective: To evaluate an intervention programme based on the Health Action
Process Approach and designed to increase the intake of fruit and vegetables
(F&V) among Iranian adolescents aged 13 to 18.
Design: A randomised controlled trial with three arms examined the short-
(1 month) and long-term (6 months) effects of the intervention. There were
two intervention groups (one included adolescents only [A group; n = 510];
the second included mothers and adolescents [M + A group; n = 462]) and a
control group (n = 483). All participants were recruited from schools.
Main outcome measures: Social cognitions, self-regulatory processes and
F&V intake.
Results: The intervention led to an increase in F&V intake for adolescents in
the short and long terms. Adolescents in the M + A group increased their F& V
intake more than adolescents in the A group. Outcome expectancies, self-moni-
toring, intentions, action and coping planning, perceived social support and
behavioural automaticity mediated the effect of the intervention on F&V intake.
Conclusion: The theory-based intervention led to an increase in F&V intake
and promoted more positive social cognitions and self-regulatory processes
among Iranian adolescents. The ﬁndings also provide evidence that involving
mothers in an intervention can confer additional beneﬁt.
Keywords: adolescent; behaviour; fruit and vegetable; intervention;
randomised-controlled trial
The beneﬁts of consuming a sufﬁcient amount of fruit and vegetables (F&V) are well
documented: Eating F&V reduces the risk of obesity (National Health and Medical
Research Council, 2013) and protects people from a variety of illnesses, such as
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cardiovascular disease, diabetes and cancers (Boeing et al., 2012; Lhakhang, Godinho,
Knoll, & Schwarzer, 2014). It is therefore not surprising that dietary guidelines recom-
mend that people consume plenty of F&V, including a variety of types and colours
(National Health and Medical Research Council, 2013; Safavi et al., 2007; U.S. Depart-
ment of Agriculture & U.S. Department of Health & Human Services, 2010). Although
the beneﬁts of eating F&V have been identiﬁed, most young people do not meet current
guidelines for F&V intake. For example, surveys have suggested that less than 10% of
4 to 18-year-old children in Australia (Australian Bureau of Statistics, 2014), less than
1% of American adolescents aged 12 to 18 (Kimmons, Gillespie, Seymour, Serdula, &
Blanck, 2009), 19% of adolescents aged 13–15 years in the Middle East (Al Ani, Al
Subhi, & Bose, 2016) and only one third of the Iranian adolescents aged 12 to 15
(Shokrvash et al., 2013) consume sufﬁcient F&V. Because insufﬁcient F&V intake is
likely to pose a serious public health burden, designing intervention programs that can
effectively promote consumption of F&V is a priority for health care providers.
It is particularly important to promote F&V intake among adolescents for several
reasons. First, adolescence is an important transition period in which health behaviours,
including F&V intake, are subject to important changes (Kirk, Scott, & Daniels, 2005).
For example, evidence suggests that adolescents are likely to decrease their intake of
F&V and increase their intake of energy-dense, nutrient-poor foods (Neumark-Sztainer,
Wall, Perry, & Story, 2003). Second, dietary behaviours established during adolescence
may track into adulthood (te Velde, Twisk, & Brug, 2007), suggesting that any beneﬁ-
cial dietary changes made during adolescents may have long lasting beneﬁts. Finally,
adolescents may beneﬁt from health education since adolescents possess the cognitive
and behavioural competence(s) necessary to understand and act on health and beha-
vioural instructions (Frenn, Malin, & Bansal, 2003).
There is increasing recognition that behavioural interventions should draw on theo-
ries of behaviour change (Michie, Johnston, Francis, Hardeman, & Eccles, 2008) for
two main reasons: First, interventions are likely to be more effective if they target cau-
sal factors (i.e. determinants) of behaviour and behaviour change. Theories can provide
insight into such determinants and, thus, point toward potential targets for intervention.
Second, interventions that are based on theory (and that measure theoretically-speciﬁed
mediators of intervention effects) can help to understand which speciﬁc techniques and
approaches are effective and why. In so doing, such studies contribute to developing
better theory (Michie et al., 2008).
The Health Action Process Approach
The Health Action Process Approach (HAPA) proposed by Schwarzer (2008) describes
the factors that inﬂuence adoption and maintenance of health behaviours, including
F&V intake (Godinho, Alvarez, Lima, & Schwarzer, 2015). The HAPA suggests that
changing behaviour involves two consecutive phases: (1) a motivational phase in which
factors such as perceptions of risk, outcome expectancies and self-efﬁcacy are impor-
tant; and (2) a self-regulatory phase in which factors such as action and coping planning
are important. Risk perceptions reﬂect the individuals’ assessment of their likelihood of
encountering negative outcomes (e.g. the possibility and severity of harm from not eat-
ing F&Vs; Sheeran, Harris, & Epton, 2014). Although some researchers have found that
perceptions of risk have a negligible impact on F&V intake (Schwarzer et al., 2007),
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many studies suggest that risk perceptions have a signiﬁcant, albeit relatively small,
correlation with intention and behaviour and can inﬂuence behaviour, especially if
coupled with speciﬁc recommendations on how to reduce the risk (for a review, see
Sheeran et al., 2014). Outcome expectancies reﬂect the individuals’ consideration of the
pros and cons of performing the respective behaviour (Lhakhang et al., 2014;
Schwarzer, 2008). Self-efﬁcacy is the individuals’ conﬁdence in his/her ability to per-
form the intended behaviour (e.g. I am conﬁdent that I can eat more F&Vs; Bandura,
1997). The outcome of the motivational phase is a behavioural intention (e.g. I intend
to eat more F&Vs).
The self-regulatory phase of the HAPA reﬂects the process of translating this inten-
tion into action; for example, by monitoring behaviour (self-monitoring; e.g. I monitor
how I eat F&Vs) and by forming action and/or coping plans. Action planning refers to
when, where and how to perform an intended behaviour, whereas coping planning indi-
cates the anticipation of possible barriers and then the formation of plans specifying
how to overcome them (Lin, Updegraff, & Pakpour, 2016; Pakpour, Hidarnia,
Hajizadeh, & Plotnikoff, 2012). Once the person has made changes to their behaviour
(e.g. started to eat more F&V) and is doing so regularly in similar situations (e.g. regu-
larly having a side salad with an evening meal), the behaviour can become relatively
automatic – that is, behavioural automaticity (Gardner, Abraham, Lally, & de Bruijn,
2012).
A number of interventions have successfully employed the HAPA with the afore-
mentioned phases to promote changes in health behaviour(s), including F&V consump-
tion (e.g. Adriaanse, Vinkers, de Ridder, Hox, & De Wit, 2011; Blanchette & Brug,
2005; Lange, Corbett, Lippke, Knoll, & Schwarzer, 2015). However, to our knowledge,
no research to date has examined the use of an intervention based on the HAPA for
promoting F&V consumption among adolescents; and certainly no research has exam-
ined the effects of such an intervention among East-Asian adolescents, despite there
being a clear need to promote F&V consumption among this population (Shokrvash
et al., 2013).
Augmenting the intervention to involve mothers
The HAPA is, arguably, quite an ‘individual’ approach, in that the model suggests that
changing behaviour involves modifying an individual’s social cognitions and/or
self-regulatory processes, as described above. However, there is increasing recognition
that family members are likely to have a substantial effect on dietary attitudes and
behaviours among children and adolescents (e.g. Golan, Kaufman, & Shahar, 2006;
Johannsen, Johannsen, & Specker, 2006; Pearson, Atkin, Biddle, & Gorely, 2010;
Pearson, Biddle, & Gorely, 2008). Parents, especially mothers (Johannsen et al., 2006)
can inﬂuence adolescents’ attitudes toward food (Golan et al., 2006) and usually take
care of the food for their children (e.g. select the food and prepare the meal). Therefore,
interventions that attempt to improve adolescents’ dietary behaviours might look to
include mothers in the intervention programme. Indeed, a study found increased F&V
intake among the daughters of mothers who received a self-regulation intervention
(Gholami, Wiedemann, Knoll, & Schwarzer, 2015). However, to the best of our knowl-
edge, no studies have examined whether involving mothers confers additional beneﬁt
over and above an effective intervention programme targeting F&V intake.
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The present research
The present research aimed to evaluate the short- and long-term effects of two beha-
vioural interventions based on the HAPA on F&V intake compared to a ‘no treatment’
control condition. The ﬁrst intervention only targeted adolescents; while the second
intervention also included mothers to investigate the incremental effects of involving
family members in the intervention programme. In addition, we investigated whether
changes in secondary outcomes (e.g. social cognitions and self-regulatory processes as
speciﬁed by the HAPA) mediated the effects of the intervention on F&V intake.
Methods
Design
A prospective; cluster randomised controlled trial was conducted in which schools were
randomly assigned into one of two experimental arms (the mother + adolescent [M + A]
group or the adolescent [A] group) or a control arm. The research was conducted
between September 2015 and March 2016 in compliance with the principles of Declara-
tion of Helsinki. Ethical approval was obtained from the Ethics Committee of Qazvin
University of Medical Sciences and the Organisation for Education at Qazvin and the
trial was registered with the Clinical Trials Registry, ClinicalTrials.gov, under number
NCT02405611.
Sample
A sample of high school students aged 13 to 18 years in Qazvin (a city near to Tehran)
was recruited. Qazvin contains 2% of the population of Iran and has 73 high schools
distributed between two educational districts. A list of high schools was provided by
the Organisation for Education in Qazvin. Seven schools were excluded as they were
already involved in a nutritional programme, which left 66 high schools as potential
candidates for recruitment. Power analysis suggested that recruiting 464 participants at
baseline in each group (i.e. 1392 participants in total) would provide 95% power to
detect a medium-sized difference (d = .40) between the conditions in outcomes six
months following the intervention, assuming a 10% drop-out rate and a design effect of
2.24. With an estimated average class size of 29, students from 48 schools (24 classes
in boys only schools and 24 classes in girls only schools) were randomly selected from
the 66 eligible schools and were invited to participate in the trial. A brieﬁng session
was convened to introduce the programme to the selected schools. All of the 48 schools
that we approached agreed to participate in the trial and 1537 students from these
schools were invited to take part in the trial, of which 1455 (94.7%) agreed to partici-
pate. Figure 1 shows the ﬂow of schools and participants through the trial. Principals of
the high schools that participated in the trial, along with the participants and (where
applicable) their parents provided informed consent before participating.
Randomisation
After baseline assessment, the participating schools were randomly allocated into one of
three arms of the trial (M + A, A and control) on an equal basis (i.e. 16 schools were
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allocated to each arm). The two educational districts in Qazvin have speciﬁc socioeco-
nomic characteristics and there are no high schools with mixed genders in Iran. There-
fore, to ensure equal distribution of socioeconomic characteristics and gender between
the conditions, the clusters were stratiﬁed by educational district and gender of the
students in the schools. An independent statistician used a computer-generated list of
random numbers to randomise schools to the three arms. All research assistants and
statisticians were blinded to group allocation.
N of students=471 
Drop-outs (n=7) 
Mother + Adolescents 
condition (n of schools=16) 
531 students approached 
510 (96%) students gave 
consent 
Adolescents condition  
(n of schools=16)
486 students approached 
462 (95 %) students gave 
consent 
Control condition  
(n of schools=16) 
520 students approached 
483 (93%) students gave 
consent 
N of students=493 
Drop-outs (n=9) 
Assessed for eligibility 
N of schools=73 
Enrollment 
N of eligible schools=66 
N of schools approached
=48
Baseline assessment
Gender and education district 
stratified block randomization 
N of students=449 
Drop-outs (n=7) 
All available data were analyzed: Intention to treat analysis 
Allocation
Excluded n=7 schools as 
already involved in a 
nutrition program
No schools refused to 
participate 
Post Intervention 
1 month follow up  
6 months follow up
Analysis
Lost to follow-up 
(n = 5) 
Lost to follow-up 
(n = 8) 
Lost to follow-up 
(n = 6) 
Figure 1. CONSORT trial ﬂow chart.
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Intervention
Effective intervention development involves selecting behaviour change techniques (or
BCT’s) to target the putative determinants of F&V intake, as speciﬁed by the relevant
theoretical model (Adriaanse, Gollwitzer, de Ridder, de Wit, & Kroese, 2011;
Verhoeven, Adriaanse, Evers, & de Ridder, 2012) – here, the HAPA (Schwarzer, 2008)
and ideas around the involvement of family members in interventions designed to
promote behaviour change (Pearson et al., 2008, 2010). Michie et al.’s (2013) taxonomy
of BCT’s was used to describe the BCT’s employed by the current intervention (please
see Supplementary Table 1 for detailed information).
Adolescents in both the M + A and A groups were invited to participate in a discus-
sion (lasting around 20 minutes) on the importance of healthy diet and consuming at
least ﬁve portions fruit and vegetables per day (targeting risk-perceptions, outcome-ex-
pectancies and intentions to consume F&Vs). Afterwards, a brochure, which was
designed to target the psychosocial factors that inﬂuence F&V consumption according
to the HAPA, was provided and adolescents were asked to complete it carefully. The
ﬁrst part of the brochure provided the World Health Organisation (WHO) recommenda-
tions that people should consume at least ﬁve portions of F&V daily. The potential risks
of insufﬁcient F&V intake (e.g. obesity and cardiovascular diseases) were described in
order to inﬂuence participants’ perceptions of risk.
The second part of the brochure contained a planning sheet, which guided adoles-
cents to set goals and prepare them to change their behaviour. First, adolescents were
asked to list the potential risks of insufﬁcient F&V intake (targeting risk-perceptions).
Then, they were asked to list the potential beneﬁts of consuming at F&V (targeting out-
come expectancies). One example of a potential beneﬁt was given to participants: ‘If I
eat enough fruit and vegetables daily, then I will have a healthier life’. Next, adoles-
cents were asked to think of two occasions in which they had prepared a nutritious and
healthy meal (1) for their family and (2) for friends (targeting self-efﬁcacy).
Table 1. Baseline characteristics by group.
Group
Control
(n = 483)
Adolescent
intervention
(n = 510)
Mother + adolescent
intervention (n = 462)
p-value for the
comparison between
conditions
Age, years; M ± SD 14.12 ± 2.35 14.62 ± 3.01 14.49 ± 3.24 .73
Mother’s education
(years); M ± SD
5.29 ± 1.54 5.70 ± 1.37 5.83 ± 1.93 .84
Monthly household
income in rialsa;
M ± SD
991.12 ± 304.40 981.63
± 382.22
962.21 ± 321.61 .68
Sex; n (%) .29
Male 246 (51%) 271 (53%) 222 (48%)
Female 237 (49%) 239 (47%) 240 (52%)
Number of classes 16 16 16
Average number of
students in the
classes
30 32 29
Note: SD = standard deviation.
a3500 Rials = 1 U.S. Dollar, April 2016.
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To promote action planning, participants were asked to create two plans specifying
what (fruits or vegetables), when (day), which meal and time, with whom and where
(place) they would eat F&V. Next, to promote coping planning, participants were asked
to identify barriers that they might encounter when trying to increase their consumption
of F&V and to generate strategies to overcome them. One example of a coping plan
was given: ‘If I run out of vegetables so I cannot make salad for lunch, then I will have
a fruit at the end of my meal’. In an effort to prompt self-monitoring, participants
received a calendar for a month and were asked to indicate the types and amount of
F&V that they consumed each day.
Mothers in the M + A group were asked to participate in a single session on F&V
intake. The schools that were involved in the research already invited parents to discuss
their children’s educational status on monthly basis. Therefore, the intervention session
was held with mothers after one of these meetings. In the session, the importance of
healthy diet, especially consuming sufﬁcient F&V, was discussed for around 30 min-
utes. Afterwards, a brochure was provided to the mothers, which had a similar structure
and content to that provided to the adolescents.
Measures
All participants completed measures of relevant constructs and behaviour at baseline,
and again one month and six months after the intervention. The adolescents in the con-
trol group only received the questionnaires at the three assessment points without any
intervention. The measures were developed speciﬁcally for the current study though
they were similar to those used in previous studies (e.g. Godinho et al., 2015;
Schwarzer, 2008), except for the measures of perceived social support and behavioural
automaticity. Perceived social support was assessed using a scale developed by
Erinosho et al. (2015) and behavioural automaticity was measured using the Self-Report
Behavioural Automaticity Index (SRBAI; Gardner et al., 2012). F&V intake was con-
sidered to be the primary outcome and the measures of social cognitions (outcome
expectancies, risk perceptions, self-efﬁcacy, intention and perceived social support) and
self-regulatory processes (self-monitoring, action planning, coping planning and beha-
vioural automaticity) were considered to be secondary outcomes that could potentially
mediate the impact of the intervention(s) on the primary outcome of F&V intake.
F&V intake
Two open-ended questions were used to assess participants’ consumption of fruit and
vegetables, respectively: ‘How many servings of fruit (vegetables) do you eat on an
average day?’ The items were followed by a description of what constitutes a ‘serving’
of F&V (i.e. that one serving is equivalent to one handful of chopped apple or vegeta-
bles). The validity of the measure of F&V intake was assessed by means of an in-home
interview with adolescents’ parents because parents prepare the food for these adoles-
cents and they should be able to accurately report the F&V intake of their children.
Sixty-seven adolescents (which excluded those in the target population) were selected
randomly and completed the measures of F&V intake. Afterwards, their parents were
contacted for an interview. Two trained research assistants conducted the in-home inter-
views with the parents and asked them to report whether they have F&V in any form
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(i.e. fresh, canned, jarred and frozen) at home. The level of agreement between parents’
and adolescent’s responses was fair (Cohen’s kappa agreement was .65 for fruits and
.68 for vegetables).
Perceived social support
Three items were used to measure perceived social support (e.g. ‘My parents encourage
me to eat fruit and vegetables’; Erinosho et al., 2015). Adolescents were asked to
respond to all items on a six-point Likert-type scale ranging from 1 (strongly disagree)
to 5 (strongly agree).
Outcome expectancies
Three items were used to measure outcome expectancies (e.g. that ‘Eating ﬁve servings
of fruit and vegetables a day would be good for my health’) with responses provided
on six-point scales ranging from 1 (strongly disagree) to 6 (strongly agree).
Risk perception
Risk perceptions were measured by two items (e.g. ‘How likely do you think you are
to ever get a severe disease, such as diabetes and cardiovascular disease?). Adolescents
were asked to respond on six-point Likert scales ranging from 1 (very unlikely) to 6
(very likely).
Self-efﬁcacy
Three items were used to assess participants’ self-efﬁcacy (e.g. ‘I am conﬁdent that I
can eat ﬁve servings of fruit and vegetables a day’). Adolescents were asked to respond
on a six-point Likert scale ranging from 1 (not at all true) to 6 (totally true).
Action planning
Action planning was measured with three items to which adolescents were asked to
respond on a six-point Likert scale ranging from 1 (not at all true) to 6 (totally true).
For example, ‘I have already precisely planned when, where and how to eat ﬁve serv-
ings of fruit or vegetables throughout the day’.
Coping planning
Coping planning was assessed by four items that adolescents responded to on a six-
point Likert scale ranging from 1 (not at all true) to 6 (totally true). For example, ‘I
already have concrete plans what to do in difﬁcult situations in order to stick to my
intentions’.
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Intention
Intentions were measured using three items (e.g. ‘I intend to eat at least ﬁve servings of
fruit and vegetables a day’) that adolescents were asked to respond to on six-point
scales ranging from 1 (not at all true) to 6 (totally true).
Self-monitoring
Self-monitoring was measured with four items that were each rated on six-point scales
ranging from 1 (not at all true) to 6 (totally true). For example, ‘I have consistently
monitored when, how often, and how I eat F&V’.
Behavioural automaticity
Behavioural automaticity was assessed using the SRBAI (Gardner et al., 2012) with
four items that assess the automaticity of behaviour. The stem ‘Eating fruit and vegeta-
bles is something …’ was followed by (a) I do automatically, (b) I do without having
to consciously remember, (c) I do without thinking and (d) I start doing before I realise
that I am doing it. Respondents were asked to indicate the extent to which they agreed
with each statement on a six-point Likert scale from 1 (strongly disagree) to 6 (strongly
agree).
Data analysis
Demographic data and the outcome measures are reported using means and SDs for
continuous variables; and using frequency and percentages for categorical variables.
The internal consistency of each scale was examined using Cronbach’s α at each time
point. Several multilevel linear mixed models with three levels (clustered in schools and
repeated measures in person) were used to examine the efﬁcacy of the intervention(s).
The models accounted for the hierarchical nature of schools and repeated measures and
a restricted iterative generalised least square (RIGLS) estimation was used to calculate
unbiased estimates of the random parameters. Intention to treat analysis was used that
analysed the data from all of the participants, regardless of whether they completed the
intervention or not. Potentially confounding variables were identiﬁed using univariate
multilevel analyses. Three potentially confounding variables (age, gender and mother’s
level of education) were included in the linear mixed models as each had a p value < .20
in the univariate analyses. Multilevel mediation models (Krull & Mackinnon, 1999)
were additionally used to examine whether the effects of the intervention(s) on F&V
consumption at six months were mediated by social cognitions and self-regulatory
processes assessed at one month.
Results
Randomisation check
Table 1 shows that the demographic characteristics of participants in the three groups
were similar.
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Effect of the intervention(s)
Table 2 shows the descriptive statistics for the primary and secondary outcome variables
by time and group. Three-level linear mixed effects models (see Tables 2 and 3 in the
Supplementary Online Materials) suggested that participants in both of the intervention
groups signiﬁcantly increased their intake of fruit (Β = 1.43 [p < .001] for M + A;
Β = .57 [p = .006] for A) and vegetables (Β = .92 [p < .001] for M + A; Β = .45
[p = .008] for A) as compared with participants in the control group one month after
the intervention.
Participants who received the interventions also had improved outcome expectancies
(Β = .49 [p < .001] for M + A; Β = .34 [p = .009] for A), perceived themselves to be at
more risk (Β = .57 [p = .004] for M + A; Β = .36 [p = .046] for A), had higher levels of
self-efﬁcacy (Β = .45 [p = .012] for M + A; Β = .42 [p = .009] for A), stronger inten-
tions to eat F&V (Β = .83 [p < .001] for M + A; Β = .54 [p < .001] for A), were more
likely to self-monitor their intake of F&V (Β = .98 [p < .001] for M + A; Β = .33
[p = .006] for A) and have formed action (Β = .83 [p < .001] for M + A; Β = .45
[p = .012] for A) and coping (Β = .95 [p < .001] for M + A; Β = .55 [p = .001] for A)
plans, as compared with the participants in the control group one month after the inter-
vention. The automaticity of behaviour did not signiﬁcantly differ one month after the
intervention between participants in the A group as compared with participants in the
control group (Β = .17 [p = .059]); however, it did signiﬁcantly differ between partici-
pants in the M + A group and those in the control condition (Β = .69 [p < .001]).
Similar differences were found between the participants in intervention and control
conditions six months after the intervention. Speciﬁcally, there were differences between
the conditions in fruit intake (Β = 1.63 [p < .001] for M + A; Β = .58 [p < .001] for A),
vegetable intake (Β = 1.09 [p < .001] for M + A; Β = .61 [p < .001] for A), outcome
expectancies (Β = .52 [p < .001] for M + A; Β = .30 [p = .012] for A), risk perceptions
(Β = .70 [p < .001] for M + A; Β = .33 [p = .031] for A), self-efﬁcacy (Β = .45
[p < .001] for M + A; Β = .44 [p = .015] for A), intentions (Β = .91 [p < .001] for
M + A; Β = .62 [p < .001] for A), self-monitoring (Β = 1.07 [p < .001] for M + A;
Β = .43 [p = .004] for A), action planning (Β = .88 [p < .001] for M + A; Β = .49
[p = .007] for A), coping planning (Β = 1.10 [p < .001] for M + A; Β = .58 [p < .001]
for A) and the automaticity of behaviour (Β = .75 [p < .001] for M + A; Β = .24
[p = .029] for A).
We additionally compared outcomes between the two intervention groups (M + A
and A groups) and found that participants in the M + A group had signiﬁcantly better
outcomes on all of the measures both one month (B [p] = .87 [<.001] for fruit intake;
.47 [.013] for vegetable intake; .18 [<.001] for perceived social support; .29 [.038] for
outcome expectancies; .29 [.016] for intention; .65 [<.001] for self-monitoring; .48
[<.001] for action planning; .40 [<.001] for coping planning; .52 [.004] for behavioural
automaticity) and six months (B [p] = .86 [<.001] for fruit intake; .48 [.008] for
vegetable intake; .26 [<.001] for perceived social support; .28 [.031] for outcome
expectancies; .37 [.040] for risk perception; .30 [.032] for intention; .64 [<.001] for
self-monitoring; .39 [.040] for action planning; .50 [.003] for coping planning; .58
[.004] for behavioural automaticity) after the intervention, except for risk perceptions
one month after intervention (B [p] = .27 [.112]) and self-efﬁcacy at both one month
(B [p] = .08 [.467]) and six months (B [p] = .10 [.442]) after the intervention.
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Mediation analyses
Outcome expectancies (B [p] = .32 [.013]), self-efﬁcacy (B [p] = .39 [.015]), self-moni-
toring (B [p] = .23 [.011]), intention (B [p] = .55 [.001]) and action (B [p] = .40 [.019])
and coping planning (B [p] = .45 [.003]) mediated the effect of the A only intervention
(relative to the control condition) on F&V intake at six months after the intervention.
Outcome expectancies (B [p] = .64 [.004]), risk perception (B [p] = .30 [.02]), self-efﬁ-
cacy (B [p] = .65 [.012]), self-monitoring (B [p] = 1.31 [<.001]), intention (B [p] =
1.03 [<.001]), action planning (B [p] = 1.24 [<.001]), coping planning (B [p] = 1.30
[<.001]), behavioural automaticity (B [p] = .97 [<.001]) and perceived social support (B
[p] = .64 [<.001]) mediated the effect of the M + A intervention (relative to the control
condition) on F&V intake at six months after intervention. Self-monitoring (B [p] = .36
[.006]), intention (B [p] = .12 [.016]), action planning (B [p] = .32 [.046]), behavioural
automaticity (B [p] = .40 [.035]) and perceived social support (B [p] = .37 [.004]) medi-
ated the effect of the A only intervention (relative to the control condition) on F&V
intake at six months after the intervention (see Table 4 of the supplementary online
materials).
Discussion
Levels of F&V consumption in the present research were comparable to reports from
other cities in Iran (e.g. Isfahan; Azadbakht & Esmaillzadeh, 2012) and Tehran (Mirmi-
ran, Azadbakht, & Azizi, 2007) and indicate that, like in many countries, F&V intake is
typically lower than recommended and that children consume less F&V than adults
(Lock, Pomerleau, Causer, Altmann, & McKee, 2005). Fortunately, the present research
also found that an intervention based on the HAPA and targeting the putative psychoso-
cial determinants of F&V intake served to increase adolescents’ intake of F&V one
month following the intervention. Furthermore, the effects were maintained and argu-
ably even improved up to six months after the intervention. Although providing the
intervention only to adolescents was effective, providing similar materials to the moth-
ers of the adolescents as well conferred additional beneﬁt. Mediation analyses suggested
that the effect of the interventions on F&V consumption were mediated by factors spec-
iﬁed by the HAPA; namely, social cognitions (perceptions of risk, outcome expectan-
cies, intentions, perceived social support and self-efﬁcacy) and self-regulatory processes
(self-monitoring, action and coping planning and behavioural automaticity).
Our ﬁndings support those of other studies that suggest that planning is an effective
way to help adolescents to change their health behaviours, including F&V intake
(Adriaanse et al., 2011; Lhakhang et al., 2014; Verhoeven et al., 2012). However, evi-
dence suggests that it is important to ensure that individuals are motivated before they
are provided with volitional strategies and techniques (e.g. planning) to promote the
translation of this motivation into health behaviour change (Schwarzer, 2008; Sheeran,
Webb, & Gollwitzer, 2005; Weinstein & Sandman, 1992). With this in mind, the pre-
sent intervention drew on the HAPA to identify the putative determinants of motivation
(e.g. social cognitions such as perceptions of risk) and then incorporated techniques
designed to motivate adolescents to eat more F&V (e.g. considering the pros and cons
of eating more F&V), alongside volitional techniques such as action and coping
planning.
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A review of interventions designed to promote F&V consumption among 6 to 12-
year old children concluded that outcome expectancies, self-efﬁcacy and intentions can
be increased using an intervention; and additionally inﬂuence F&V intake (Blanchette
& Brug, 2005). In addition, interventions have been found to have positive effects on
action and coping planning (Adriaanse, Vinkers, et al., 2011; Lange et al., 2015). How-
ever, to the best of our knowledge, the present research is the ﬁrst to demonstrate
effects of an intervention on outcome expectancies, risk perceptions, self-efﬁcacy, inten-
tion, self-monitoring, action and coping planning and behavioural automaticity relating
to F&V intake in adolescents aged between 13 and 18.
The ﬁnding that the augmented intervention, which also included a session with the
mothers of the adolescents, conferred additional beneﬁt also supports the ﬁndings of
previous work that points to the importance of involving family members if trying to
modify adolescents’ dietary behaviour. For example, Gholami et al. (2015) randomised
a sample of mothers to receive (vs. not) a leaﬂet describing techniques for encouraging
children to eat vegetables. Consistent with the effects that we observed in the present
research, the daughters of the mothers in the intervention group ate more vegetables
after the intervention than before; as compared with the daughters of the mothers in the
control group (see also Pearson et al., 2010; Tabak, Tate, Stevens, Siega-Riz, & Ward,
2012). However, the aforementioned studies only focused on mothers (or parents)
receiving an intervention versus those not receiving intervention. In other words, their
ﬁndings cannot tell us whether involving mothers in the intervention programme to-
gether with the adolescents has incremental effects. Our research provided this test and
the ﬁndings support the idea that involving mothers can indeed confer additional bene-
ﬁts over and above delivering an intervention only to adolescents. Taken together then,
health care providers may want to encourage mothers to get involved in intervention
programmes designed to modify adolescents’ dietary behaviours if possible.
Implications
The ﬁndings of the present research may help health care providers to design effective
programmes to promote F&V intake among adolescents, and go some ways toward
addressing the problems of insufﬁcient F&V intake in this population (Australian
Bureau of Statistics, 2014; Kimmons et al., 2009). Speciﬁcally, the present ﬁndings
point to the importance of using theory to inform the design of interventions (Michie,
Webb, & Sniehotta, 2010; Prestwich, Webb, & Conner, 2015) and involving family
members (e.g. mothers) in such programmes. Although not tested in the present study,
research on ‘spill over effects’ (Dolan & Galizzi, 2015) suggests that it is also possible
that such programmes may encourage adolescents to engage in other health behaviours,
such as doing physical activity and quitting smoking and drinking, in addition to mak-
ing changes to the targeted behaviour (here, F&V consumption). Future research might,
therefore, usefully measure the effects of similar interventions on a range of health
behaviours. However, health care providers should also be mindful that compensatory
health beliefs (Knäuper, Rabiau, Cohen, & Patriciu, 2004) could lead adolescents to use
increases in F&V consumption to justify or ‘license’ engaging in more unhealthy beha-
viours (e.g. increasing alcohol consumption) (see also Taylor, Webb, & Sheeran, 2014;
de Witt Huberts, Evers, & de Ridder, 2012, 2014).
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Strengths and limitations
There are several strengths to the present research. First, participants were randomly
allocated to conditions, and we compared the effectiveness of two interventions that dif-
fered in only one component (the involvement or not of mothers). Therefore, the effects
of the intervention and also the incremental effects of involving mothers could be
clearly identiﬁed. Second, the effects of the intervention(s) were measured in both the
short and longer terms. Therefore, the ﬁndings provide health professionals with impor-
tant insights into the effects of the intervention over six months. Third, our statistical
analyses accounted for potential confounding variables, such as age and gender. To the
best of our knowledge, this is the ﬁrst study to examine the effects of an intervention
based on the HAPA on the F&V intake of adolescents. Because previous studies exam-
ining the effects of such interventions on F&V intake only focus on adults, our ﬁndings
provide health care providers with the conﬁdence to develop and recommend similar
interventions for adolescents aged between 13 and 18.
It is, however, also important to acknowledge some potential limitations to the pre-
sent research. First, most of our outcome measures were developed speciﬁcally for the
current study and have not been validated before. The psychometric properties of these
measures would warrant thorough examination in subsequent research. F&V intake was
measured using a retrospective, self-report measure, which is not ideal because of the
potential for socially desirable responding and/or difﬁculties accurately remembering
the relevant information. In addition, although we checked the correspondence between
our measure and parents’ reports of their adolescents’ intake, we did not examine the
test-retest reliability of our measure. Future studies may consider using a validated food
frequency questionnaire or on-going behavioural assessments such as dietary logs
(Kolar et al., 2005), especially if recorded by researchers or by objective means (e.g.
shopping receipts) rather than by the participant themselves, in order to provide a more
sensitive and reliable measure of F&V intake. We would like to note, however, that
other research has supported the validity of self-report measures of F&V intake. For
example, Harrington, Kohler, McClure, and Franklin (2009) found that 54% and 40%
of fourth graders self-reports of fruit and vegetable consumption, respectively, matched
observer’s ratings. Another study showed that in a sample of 9- to 11-year-old children,
their self-report of fruit consumption was 92% matched the dietary interview at the
same day, and 89% in the previous day (Moore et al., 2007).
A second limitation is that the present ﬁndings may not be applicable to Western
countries because of differences between Eastern and Western countries. In a sense,
investigating the effects of a theory-based intervention in a developing, Eastern culture
was one of the key contributions of our research. However, it is important to acknowl-
edge that Eastern cultures, especially East Asian cultures, emphasise collectivism (Tsai,
Strong, & Lin, 2015). Therefore, participants in our trial may have closer relationships
with their mothers than adolescents in Western cultures do. As such, the promising
effects of the M + A intervention may not be replicated in Western cultures, and future
studies among Western samples are warranted.
Third, it is worth reiterating that participants in the present research were aged
between 13 and 18. In a sense this was one of the aims of the present research (i.e. we
wanted to intervene at a critical time, where adolescents are likely to be starting to
make independent choices about the food that they eat and forming habits). However,
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the ﬁndings may not generalise to children younger than 12 years of age who may have
lower level of cognitive capacity (McRae et al., 2012) or young adults aged older than
18 years of age who may already have well-established habitual patterns of dietary
behaviour (Anderson, 2004).
Finally, we would note that evidence suggests that home and school food environ-
ments can be important determinants of adolescents F&V intake (Pearson et al., 2008)
and considering such environments in intervention programmes targeting F&V intake is
encouraged (Pearson et al., 2010). Unfortunately, we did not consider this when we
designed the present intervention programme. Future studies may therefore want to con-
sider whether modifying home and / or school environments (e.g. to make F&V more
accessible) would confer additional beneﬁts over and above the BCTs employed in the
present intervention.
Conclusion
The present ﬁndings suggest that an intervention incorporating BCTs designed to target
the putative determinants of health behaviour, as speciﬁed by the HAPA, had promising
effects on adolescents’ intake of F&V. Furthermore, involving mothers in the interven-
tion seemed to confer additional beneﬁt. Therefore, we recommend that health care pro-
viders use theoretical models such as the HAPA to design programmes to help young
people, including those in developing, Eastern cultures, to increase their F&V intake
and also include family members who have the potential to inﬂuence the young
person’s diet.
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